We use data recently collected from a nationally representative sample survey of the Chinese population to explore the impact of late childhood nutrition intakes on a wide range of indicators of adult health. Results show that respondents who ate rich nutrients (meat, fish, milk, etc.) less frequently at age 14 have worse health outcomes when they grow up. They are more likely to rate their health as "fair/poor", report a greater number of chronic diseases, be infected by acute illness, perceive greater numbers of physical pains/discomforts, and suffer more from insomnia and depression. With respect to objective biometrics, people who had less access to rich nutrients at age 14 tend to attain a shorter height, gain more weight as an adult, and they are more likely to become obese or have low lung capacity. Taken together, the evidence in support of a harmful impact of late childhood under-nutrition on adult health is stronger and more consistent for subjective health indicators than for objective biometrics examined in this study. Possible gender differences are also discussed.
Introduction
Early life conditions have profound long-term health consequences over the life course. There is a large body of literature that examines the detrimental impact of prenatal and early childhood (mostly age -9 to 24 months) malnutrition on adult health/mortality under the label of "the fetal origin hypothesis" (Barker & Osmond 1986; Barker 1997; Barker et al. 2002; Black et al. 2007; Gluckman et al. 2008 ). These studies suggest that maternal and fetal nutritional condition could trigger occurrences of a number of diseases in later life such as coronary heart disease, hypertension and diabetes, through human body's adaptation to limited supply of nutrients in early life as well as the permanent changes in physiology and metabolism.
In the field of human biology, it is well known that the velocity of human growth has two peaks (e.g., Cameron & Bogin 2012) . One is at the very beginning of life (fetal and infant stage), and the other is during late childhood (around age 14), also known as the adolescent growth spurt. Although the majority of body growth takes place during infancy and early childhood, it is during late childhood that human body experiences the most important physical changes (ibid, Pp. 5). Late childhood is marked by the onset of puberty and dramatic changes in body size, shape and composition, during which children gain physical, mental and emotional maturity in a rapid pace. Biological studies argue that the adolescent growth spurt plays a critical role in normal development of human body at least in the following aspects:
 Height. Human body does not grow linearly (Tanner 1981; Rogel, Clark & Roemmich 2000) . After a rapid growth in the first two years of life, the velocity of body growth usually decelerates and remains relatively constant until the onset of puberty, when growth rate accelerates again, as depicted in Figure 1 . During the period of adolescent growth spurt, girls gain 25cm in height on average with a peak velocity of 9cm/year, while boys gain about 28cm with a higher peak of 10.3 cm/year (Rogel, Clark & Roemmich 2000) .
It has been shown that substantial height catch-up can occur during this period, providing an additional window of opportunity to improve adult height (Prentice et al., 2013) . Since adult height is an important predictor for a wide range of mortality risks in later life and shorter adults in general have a shorter expectancy of life than their taller counterparts (Elo & Preston 1992) , late childhood malnutrition could induce harmful long-term health outcomes through its hindrance on height attainment. Indeed, poverty-related malnutrition has been suggested as the single most important cause of growth retardation worldwide (Rogel, Clark & Roemmich 2000) .
 Weight. Late childhood is also a period for significant weight gain. About half of the adult weight is gained during adolescence (Rogel, Clark & Roemmich 2000) . Malnutrition during childhood could force human body to reach a low energy equilibrium below one's genetic potential by reducing physical activities and slowing down metabolism. Furthermore, when foods become affluent in later life, these people are especially vulnerable to gain more weights and to become overweight or obese.
 Skeleton, bone mass, muscle, strength, and body composition. Skeletal and muscular dimensions of human body expand rapidly during late childhood (Tanner 1981; Rogel, Clark & Roemmich 2000) . Studies suggest that about half of the peak adult bone mass is accumulated during the adolescent growth spurt (Parfitt 1994 ). The skeleton is especially vulnerable to calcium deficiency, and adequate dietary/nutrition intakes at this stage are crucial in reaching bone growth potential (Parfitt 1994; Whiting et al. 2004 ). Moreover, the expansion of muscular size is naturally followed by increasing strength, especially for boys. Failure to gain enough muscle may affect optimal function of some organs and result in a reduction in physical activities at later life (Tanner 1981; Rogel, Clark & Roemmich 2000) .
 Sexual maturity, intellectual and emotional advancement. Late childhood is marked by the onset of puberty, and undernutrition at this stage could affect the timing of sexual development. For instance, malnutrition for girls is related to a later age at menarche. The slowdown of sexual development may cause further emotional and psychological problems. Considerable evidences suggest that sexual and skeletal maturity is linked with social/emotional development (Tanner 1981; Whiting et al. 2004) .
Figure 1 about here
The significance of adolescent growth spurt reinforces that late childhood is a critical stage that can result in diverging growth trajectories and different health outcomes at later life. Previous studies on life-course nutrition and health relationship almost exclusively concentrate on the long-term health effect of fetal and early childhood malnutrition. Little attention has been paid to the nutrition status during late childhood when human body also develops rapidly (Prentice et al., 2013) . In addition, most of the empirical studies on the detrimental effects of childhood malnutrition on adult health have been conducted for developed countries, whereas in developing countries where childhood malnutrition is much more prevalent, little conclusive finding has been arrived due to data availability and quality constraints.
In this study, we use data from a nationally representative sample survey recently conducted in China to explore the impact of late childhood (around age 14) nutrition intakes on a wide range of adult health indicators. Specifically, taking advantage of the rich health information collected in the survey, we examine whether the frequency of eating various kinds of foods at age 14 influence the health status when respondents grow up. We use a series of health indicators including both self-reported and objective biometrics to examine the potential health impact more comprehensively. In view of the fact that the growth trajectory since late childhood is characterized by considerable gender differences, we also explore possible variations between men and women throughout this study.
Data and Methods

Data
We use data collected from a nationally representative sample survey of the The IMHC collected detailed information on respondents' socio-demographic characteristics, educational and migratory histories, economic activities, and physical and psychological health. In addition to the information collected through questionnaire interview, a brief medical examination was made by the recruited medical staff for each respondent at the survey site, and a variety of biometric indicators such as height, weight, blood pressure, and lung capacity were collected.
The health indicators used in this study include both self-reports (i.e., self-rated general health, medical history of common chronic diseases, the occurrence of acute illness, self-perceived pain/discomfort, insomnia, depression) and objective biometrics (height, weight, body mass index, blood pressure, lung capacity, glycosylated hemoglobin, etc.) of adult health status. Brief definitions of these health measures are given in Table 1 . Descriptive statistics for these health indicators are shown in Table 2 .
Tables 1 and 2 about here
To the special interest of current study, the IMHC survey asks respondents to report the frequencies of eating each of the following categories of foods at age 14:
meat; fish; milk and other dairy products; tofu and other soy products; green vegetables; fruits; potato, yam and taro; rice, noodle and bread; sweets and snacks.
The corresponding response categories are: 1"at least three times a day"; 2"twice a day"; 3"once a day"; 4"2-3 times a week"; 5"once a week"; 6"2-3 times a month"; 7"once a month"; 8"a few times a year"; 9"only during holidays"; 10"once a year or less"; and 11"never". These items are used to construct measures for the nutritional condition of late childhood, which serve as the key independent variable in this study.
Methods
Using the retrospective information on the frequencies of eating various kinds of foods at age 14 as described above, a principle component factor analysis is performed to construct indices for dietary quality. The Cronbach's alpha is greater than 0.8 for the nine items, indicating high intercorrelations among them. Three principle factors (with Eigen value >=1) are retrieved from these items, and taken together they account for about two-thirds (66.9%) of the total variance of the original variables. Table 3 shows factor loadings from the principle component analysis. The nine items yield to three clear-cut main factors. Factor 1 is closely related to the frequencies of eating meat, fish, milk and other dairy products, fruits, sweets and snacks, and tofu and other soy products. It is the single most important factor based on the analysis, and it alone can explain 36% of the total variance observed in the raw items. Factor 2 is related to eating green vegetables and rice/noodle/bread. It explains another 19% of the total variance after an orthogonal varimax rotation. The frequency of eating potato, yam or taro is singled out to form a unique factor (Factor 3) based on the model, and it contains another 12% of the total variance that are not explained away by the first two factors. 
Main Findings
Adult Height
We first examine the impact of late childhood nutrition on adult height. We use the three factors described in the above section as the key predictors and estimate OLS regressions for height. Table 4 shows the results for these OLS regressions.
Model 1 controls only age difference, and Model 2 further controls for family background (father's years of schooling, and father's occupation when respondent was 14 as measured by an international socioeconomic index (ISEI) score). As shown in Model 1, Factor 1 has a strong negative effect on height, suggesting that people who ate meat/fish/milk/fruit/sweet less often at age 14 tend to attain a shorter stature eventually. This effect is somewhat larger for females than for males. To the contrary, the coefficient of Factor 2 suggest that people who ate green vegetable, rice, noodle and bread less often at age 14 are taller on average as an adult. Factor 3,
i.e. the frequency of eating potato/yam/taro, is not significantly related to adult height.
The effect of Factor 1 on height are attenuated somewhat when father's education and occupation are further controlled in Model 2. This indicates the mediating effect of Factor 1 for that of family socioeconomic background. The frequency of high-quality nutrient intakes during late childhood is positively associated with respondents' family background and socioeconomic status. Yet, after controlling for the family background, higher frequency of eating rich-nutrient diets at 14 still shows significant positive impacts on respondents' adult height. This is especially important for females. In contrast, the effect of Factor 2 on adult height becomes stronger after controlling for family background in Model 2. Therefore, given family socioeconomic background the same, higher frequency of eating low-nutrient diets (vegetables/rice/noodle/bread) at 14 has salient negative impacts on adult height.
The results also show that adult height is negatively related with age. Given that the respondents in the sample are all at working ages (18-64), this age difference in height might reflect the cohort effect of living condition improvement on individuals'
height. That is, the Chinese population has experienced substantial improvement in average living conditions and life quality during the past half century, which could possibly have resulted in improvement of average height in younger generations.
Consistent with the pattern observed in the rest of the world, gender difference in height is substantial and males on average are around 13 cm taller than females in China when age, nutrition intakes at 14 and family background are held constant. father's education and occupation, and Model 3 conditions further on adult height in order to control for some unmeasured heterogeneity which is health-related and may be revealed through individuals' height differences. Table 5 Table 6 show that the inverse frequency of nutrient-rich diet intakes at age 14 (Factor 1) has significant positive effects on most of men's self-reported health indicators. When age difference is held constant, males who ate meat/fish/milk/soy products/fruits/sweets less often at age 14 have higher likelihood of reporting poor general health, higher likelihood of experiencing acute illness during the past 30 days, greater numbers of perceived pains during the past three months, greater numbers of insomnia symptoms, and higher likelihood of depression. These effects remain largely significant (with the exception of the effect on depression) even after controlling for other covariates in Model 2 and Model 3. Compared with the effect of Factor 1, Factor 2 has significant effect only on the number of perceived pains, and Factor 3 shows significant effect on none of the examined health indicators.
Table 6 about here
Again, the model results in Table 5 and Table 6 suggest that high-quality or nutrient-rich diets at late childhood has significant long-term effect in boosting the health condition of both men and women, net of and in addition to the impact of family background. This holds true for almost all the self-reported health indicators examined in this study. Under-nutrition in late childhood not only retards individuals' normal growth (as manifested in adult height as shown in Table 4 ), but also does harm to adult health conditions more broadly.
Other Objective Biometrics
Health is a complex concept. It has been suggested that self-reported measures can differ from objective measures in that they tend to reflect different domains of health (Murray & Chen 1992; Sen 2002) . In order to examine the comprehensive health impacts of late childhood nutrition intake, we conduct similar analyses for selected objective biometrics other than adult height. The objective biometrics examined here includes adult weight, incidence of obesity, high blood pressure, low lung capacity, and high hemoglobin (as shown in Table 1 ). Table 7 and Table 8 display the nested regression model results for these objective health indicators, for females and males respectively.
Table 7 about here
As shown in Table 7 , Factor 1 has significant positive effects on females' incidence of low lung capacity. After controlling for age difference (in Model 1), females who ate nutrient-rich diets less frequently at age 14 are more likely to be diagnosed with low lung capacity. The effect is attenuated when family background is controlled for in Model 2, yet it is still statistically significant. Moreover, after adjusting for height, Factor 1 has a significant effect on weight. It is suggested that people who had less access to nutrient-rich diets tend to gain more weight as an adult.
Compared with Factor 1, Factor 2 shows significant positive effects on adult weight, obesity, and high blood pressure. Holding age constant, females who ate vegetables/rice/noodle/bread less often at age 14 are more likely to gain greater weight in adult, to be obese, and to have high blood pressure. These effects remain largely significant even after controlling for other covariates in Model 2 and Model 3.
These results provide empirical supports to the biological finding that late childhood under-nutrition will change the biological balance of energy intake/consumption to a lower level and place individuals to higher risks of obesity, high blood pressure, and so on.
In contrast with Factor 1 and Factor 2, Factor 3 does not show significant effect on any of the objective health indicators in Table 7 after controlling for other covariates in the models. This might reflect the comparatively lower importance of low-nutrient diet intakes (such as potato/yam/taro) to adult health. 3). In line with its impact on obesity, the effect of Factor 1 on adult weight also becomes statistically significant when height is adjusted in Model 3. These results further support the point that under-nutrition (or less often intakes of nutrient-rich diets) in late childhood has long-lasting negative effects on individuals' physical health.
Table 8 about here
Similarly, the coefficients of Factor 2 show that less frequent intakes of basic nutrient diets such as vegetables/rice/noodle/bread also have significant negative effect on men's health. And these impacts are more salient in risks of obesity (and also adult weight) and high blood pressure.
Compared with the health impact for females, Factor 3 shows significant positive effect on males' risk of obesity as well. This effect remains robust even after controlling for other covariates in Model 2 and Model 3. Therefore, men who ate potato/yam/taro less frequently at age 14 are also more likely to be obese.
Overall, the results of late childhood nutrition on adult health examined in this study provide supports to a lasting harmful impact of early life under-nutrition on adult health. And the effect is salient not only for self-reported or perceived health conditions, but also for some objective biometrics, such as adult height, weight, obesity and high blood pressure.
Conclusions and Discussions
In this study, we analyze the long-term effect of late childhood nutrition on adult health in China. Specifically, we examine whether the frequency of eating various kinds of foods at age 14 has long-term effects on health issues during adulthood. Our study shows that late childhood under-nutrition is a significant predictor for a variety of health problems at adulthood. Especially, respondents who had less access to nutrient-rich diets such as meat/fish/milk/soy products/fruit/sweets at age 14 tend to be shorter when they grow up. They are also more likely to report poor general health, greater numbers of chronic diseases, higher likelihood of acute illness, and greater numbers of physical pains. They even suffer more from insomnia symptoms and depression. There is also some evidence that they tend to gain more weight as an adult and are more likely to be diagnosed with high blood pressure or low lung capacity (mainly for females). Respondents who ate green vegetable/rice/noodle/bread less frequently at age 14 tend to report more physical pains, higher likelihood of depression, tend to gain more weight and become obese as an adult, and have a higher probability of developing high blood pressure.
The evidence of a harmful effect of late childhood malnutrition on self-reported health measures is much more consistent than for objective biometrics examined in this study. When it comes to sexual difference, the majority of the models indicate that females seem to suffer more from late childhood malnutrition than males, especially for those self-reported health measures.
The predictive power of late childhood nutrition on adult health is largely independent of age, sex, father's education and occupation, and even adult height.
This suggests that the adolescent growth spurt is a much more complex phenomenon than just a simple accelerated growth of body. Its significance should not be neglected or downplayed. Although the growth of neuronal tissues generally takes place during the first two years of life, many other important tissues continue to develop well over this early period. During late childhood (around age 14), there is a marked acceleration in growth of lymphoid tissues, musculoskeletal and gastrointestinal tissues, and reproductive organs, indicating that the human body is in high demand for nutritional intakes during this period (Prentice et al. 2013) . If the demand cannot be met sufficiently, then the maturation of various kinds of human organs is likely to be hampered perpetually. This hindrance could lead to a variety of health problems throughout the rest of human life.
Our finding should be viewed with caution due to some drawbacks in our analyses. First, the measurement of late childhood nutrition is based on retrospective information and it is likely to subject to recalling errors, randomly or non-randomly. Moreover, the survey only asked the frequency of various dietary intakes and we are unable to quantify the amount of the consumption of each nutrient, leaving us some imprecise measure of childhood nutrition status.
Secondly, in this paper we emphasize the importance of late childhood nutrition on adult health in addition to early childhood. However, we fail to control early childhood conditions due to data limitations. In the IMHC, we do not collect this kind of information. It is likely that both early childhood and late childhood conditions are significant predictors of adult health and they may be highly correlated with each other, and hence failing to control for the former may lead to biases in our regression estimates. Although we include family background and adult height to try to attack some of these issues, it is in no way equivalent to an explicit control for early life conditions itself. Carefully designed, longitudinal data are needed to answer the research question more decisively.
Thirdly, whether the observed effect of late childhood nutrition on adult health is due to the critical stage of that period or it reflects a long-term accumulation of disadvantage in nutrition through the life course is not determined in this study.
People who are deprived of adequate dietary intakes at age 14 may continue to face similar hardships as life goes on. Since we don't measure nutritional conditions repeatedly over the life course, we cannot safely rule out either possibility.
Nonetheless, in addition to asking people to recall their dietary intakes at age 14, the IMHC also collected the current dietary intakes in a similar way for each respondent.
When we try to examine the independent effect of late childhood nutrition by controlling for current nutrition (results not shown here, but available on request), the former still imposes a significant impact on most of the self-reported measures of adult health, but the results for objective biometrics become a lot messier.
Finally, although we are able to establish significant associations between late childhood nutrition and a variety of indicators of adult health, the underlying mechanisms that govern these correlations still need more systematic investigation from both biological and social perspectives.
Figure 1 The Adolescent Growth Spurt
Source: (Tanner 1981 , Figure 1 ) In general, how would you rate your own health? (1 excellent, 2 good, 3 fair, 4 poor). We code it into a dichotomy: 1="fair/poor"; 0="excellent/good".
Chronic medical conditions
Number of positive answers for the following 11 chronic morbidities: hypertension, diabetes, hypercholesterolemia, heart disease, stroke, lung disease, kidney disease, gastrointestinal disease, cancer, hepatitis, and tuberculosis. Acute illness
Had cold, flu, pneumonia, ear infection, stomach or intestinal illness in the last 30 days. Perceived pains Number of positive answers for the following selected 10 items in last 3 months: headache, dizziness, eye pressure, sore throat, joint or muscle stiffness, neck/shoulder/back pain, leg heaviness, chest pressure, irregular heartbeat, and stomach discomfort. Depression CES-D 20 items scale for depression, and a score of 16 or above is defined as positive for depression. Insomnia symptoms Number of positive answers for the following five questions: "How often do you have trouble falling asleep" (most of the time); "How often do you have trouble with waking up during the night" (most of the time); "How often do you have trouble with waking up too early and not being able to fall asleep again" (most of the time); "How often do you get so sleepy during the day or evening that you have to take a nap" (most of the time); and "How often do you feel really rested when you wake up in the morning" (seldom/never).
Objective Measures
Height
Height is recorded by local community doctors during a brief health check, and the precision is 0.5 cm. Weight Weight is measured by a scale by community doctors and the unit is kg. Body mass index (BMI) BMI is calculated as the ratio of weight in kilograms to height in meter squared. Obesity is defined as positive if BMI >=28.0. High blood pressure Blood pressure is defined as high if systolic blood pressure is 140 or higher or diastolic blood pressure is 90 or higher. Lung capacity Lung capacity is defined as low if the average of three measures of peak flow is less than 250ml. Glycosylated hemoglobin Glycosylated hemoglobin is measured by HbA1c, the cutpoint for high blood sugar is >=6.5. 
